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BEYOND COMPUTERS AND THE INTERNET: 
ON THE ADOPTION OF HOME COMPUTER APPLICATIONS 
 
ABSTRACT 
Literature has examined the adoption and diffusion of household computers and the Internet, or the first-order “digital 
divide”. However, the second-order “digital divide”, i.e., the specific usages of these tools, has received much less attention. 
This paper examines how the critical mass and diffusion channels affect the adoption of household computer applications, 
thus contributing to our understanding of this important issue. We propose that critical mass has strong effects on the 
adoption of both general and specialized computer applications, and diffusions from various channels, such as workplaces 
and schools, are significant. In addition, we argue that critical mass has stronger influence on general applications in early 
stage of the diffusion process while exerts stronger impact on specialized applications in late stage. In contrast, diffusions 
from workplaces and schools are generally stronger in late stage rather than in early stage. The stage-wise analysis using 
Current Population Survey data confirm our propositions.  
Keywords 
Digital divide, computer applications, technology adoption, critical mass, diffusion channels  
INTRODUCTION 
Information technology (IT) is the largest and most widespread technological change in the past two decades and has enabled 
organizational transformations, often resulting in higher productivity and efficiency (e.g., Brynjolfsson and Hitt 1996). 
However, studies and government statistics repeatedly show that the access to computers and the Internet is uneven and the 
“digital divide” still exists today (Dewan and Riggins 2005). Consequently, quite some studies have been conducted to better 
understand the reasons and the consequences of the digital divide (e.g., Hsieh et al. 2008). Yet, a key dimension of the 
“digital divide” has been ignored so far: the specific usages of computer technologies such as various applications (e.g., 
Robinson et al. 2003, Van Dijk and Hacker 2003, DiMaggio et al. 2004). Indeed, researchers refer access to computers and 
the Internet as the first-order digital divide and usages of various computer applications as the second-order digital divide 
(e.g., Hargittai 2002, Dewan and Riggins 2005).  
Examining the adoption of computer applications, beyond the simple adoption of computers and the Internet, will offer 
important theoretical, managerial, and policy implications (e.g., DiMaggio et al. 2004, Dewan and Riggins 2005). First, while 
computers and the Internet have ushered us into the digital economy, the success of the new economy hinges critically on 
whether and how various computer applications are adopted and used by end users. It is generally agreed that firms do not 
achieve efficiency gains by simply plugging in computers and IT equipment; instead, they go through accompanying 
organizational redesign and update their work processes and skill. Similarly, simply buying and plugging in home computers 
would not bring any benefits to the households; it is the use of the computers to perform necessary tasks in an efficient and 
effective manner that provides the benefits. Second, examining the adoption of various computer applications will allow us to 
examine more deeply the issue of digital divide. Compared to access to computers and the Internet, usage access or the access 
to various computer applications has been identified as a more important dimension of the digital divide (e.g., Van Dijk and 
Hacker 2003). While first-order divide represents the breadth of the digital divide, the second-order divide potentially 
represents the depth of the digital divide (Dewan and Riggins 2005). In this study, we apply the innovation diffusion theory 
to examine the effect of social influences on the adoption of household computer applications, and propose that social 
structures and social influences affect the adoption of household computer applications through: (i) critical mass of adopters, 
and (ii) diffusion channels such as workplaces and schools. 
THEORY AND HYPOTHESES 
Adoption and diffusion of IT, both at the organizational level (Zmud 1984) and the individual level (Davis et al. 1989), have 
been well researched. However, prior literature primarily addresses adoption at the workplace, and adoption at household has 
not received enough attention. To that end, Venkatesh and Brown (2001) and Brown and Venkatesh (2005) propose a model 
 2 
of adoption of technology in households (MATH). However, prior studies typically focus on the first-order digital divide, i.e., 
the access to home computers and the Internet.  
Recent years have witnessed a proliferation of studies focusing on social networks in many disciplines. A rich and 
growing literature has emphasized information flow through interpersonal or social networks (Rogers and Kincaid 1981, 
Granovetter 1985) and how the information flow and processing, as operationalized through network variables, affect 
technology adoption (Burt 1973). As suggested by Rice et al. (1990), individuals connected by the social network can 
exchange information about a new technology, can vicariously experience others’ trial adoption, and can significantly reduce 
the cost and risk of adoption. Two mechanisms that can potentially facilitate information flow and technology adoption 
within a social system are particular relevant to this study. The first one is critical mass, which occurs at the point at which 
enough social actors have adopted an innovation so that the innovation’s further adoption becomes self-sustaining (Oliver et 
al. 1985). The second mechanism is the diffusion channels, the places that facilitate communications and interactions among 
social actors (Owen-Smith and Powell 2004). 
Critical mass 
Innovation diffusion theory maintains that spatial proximity is one of the key determinants of innovation adoption (Wejnert 
2002). In this study, we focus on the effects of local critical mass. Proximity strengthens a local social network and increases 
the frequency of communications and interactions between current and potential adopters. As a result, it enhances the spread 
of information and ideas, and facilitates imitative behavior (Rogers 1995). With the presence of a critical mass, as more 
households adopt the technology, it would have a positive impact on the adoption process.  
Critical mass can potentially affect technology adoption through various mechanisms. First, decision-making involves 
balancing the cost and benefit of alternative solutions. This is especially true for IT and its application software where 
technology standards are fast and constantly evolving. By following what others have chosen, potential adopters can 
economize the cost in decision-making (DiMaggio and Powell 1983), save scarce cognitive efforts and resources, and 
improve the odds of success for their own endeavors (e.g., Kraatz 1998). Second, critical mass creates a normative pressure 
on the users. When many others have successfully adopted the technology, potential adopters will likely adopt the same 
technology because they tend to believe that adopting the technology will help them to gain similar success others have 
achieved (Fleming 1999). Third, individuals are reluctant to take risks, but uncertainty is intrinsic in adopting a new 
technology. Under conditions of high uncertainty, individuals learn from the actions and experience of their peers when 
deciding what to do next. Fourth, many times, critical mass creates “bandwagon” effect, so that potential adopters would like 
to follow the earlier adopters and become adopters of the same technology (e.g., Markus 1987). This is especially true for 
interactive communication media such as telephone and email, etc. Because of the above, if enough users have adopted a 
particular technology or when a critical mass is reached, potential adopters will be more likely to be influenced by the 
increased exposure to the technology (Lou et al. 2000). Thus, we propose: 
H1. The adoption of household computer applications is higher in areas with a higher proportion of computer-
owning households. 
Diffusion channels 
Technology adoption depends on the interaction of social actors in the process of communication (Rice et al.1990, Rogers 
1995). Social structure, including diffusion networks, plays an important role in affecting the nature of the communication 
(Burt 1987). Within a social network, individuals are connected through various ties, which further constitute channels 
through which information and knowledge can be transferred and diffused throughout the network (Granovetter 1985). 
Diffusion channels can be formal or informal, of different qualities, and come in a variety of forms (Terlaak and Gong 2008). 
In this study, we consider two of the most common channels: workplaces and schools. Household members who use 
computers at these two places, in fact, play the roles of change agents in the households (Rogers 1995). Prior studies find that 
one of the key reasons households hesitate to adopt home technologies is that they do not possess the necessary skills to use 
these technologies (e.g., Venkatesh and Brown 2001). However, through these diffusion channels, household members can 
potentially learn and accumulate computer skills and IT-related knowledge, significantly reducing the barriers to adopt the 
same technologies at home. 
Studies have shown that many individuals start to use computers at work (e.g., Goolsbee and Klenow 2002). When using 
computers at workplace, a household member may involve in complex tasks such as communication, information sharing, 
and searching by using various computer applications, and eventually, the household members will be able to accumulate and 
learn the skills to use various computer applications. As workers use these applications at the workplace, they acquire more 
knowledge and skills and become more likely to adopt these computer applications for home use when they own a home 
computer. Thus we hypothesize:  
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H2a. The adoption of household computer applications is higher in households with members who use computers at 
work.  
In addition to workplaces, computer use in local schools is another important conduit of learning and knowledge 
spillover (Goolsbee and Klenow 2002). Schools usually have a high level of computer adoption and, when household 
members go to school, they learn important computer skills and often use computers to finish their school-related tasks such 
as assignments. These people are then more likely to desire these computer applications at home. This leads to:  
H2b. The adoption of household computer applications is higher in households with members who use computers at 
schools.  
Critical mass and diffusion stages 
Technology adoption and diffusion take on several stages over time (Rogers 1995). Venkatesh and Brown (2001) define early 
adopters as households who already own computers at home. In this study we take a different approach―we examine the 
pattern by which home computers diffuse over time and divide the whole diffusion process into early and late stage. 
Accordingly, we perform a stage-wise analysis to examine how the critical mass and various channels affect adoption of 
computer applications during early versus late stage of the diffusion process.  
Computer applications come in different varieties, and each follows its own path of diffusion. Prior studies suggest that 
computer applications potentially fall into two broad categories, general computer applications or specialized computer 
applications, based on the criterion of pervasiveness (Marakas et al. 1998, Agarwal et al. 2000, Jovanovic and Rousseau 
2005). General computer applications are those used in a variety of settings and work environments for general purposes, 
thus have higher adoption rates. In comparison, specialized computer applications are those used in limited settings under 
specific work environments for specific tasks, thus have relatively lower adoption rates. We expect that critical mass affects 
the adoption of general and specialized computer applications differently. For general applications, the installed base or 
critical mass is an important consideration in early stage. But once the critical point is reached, the technology or application 
becomes standardized, quite often due to technology lock-in (Shapiro and Varian 1999). In other words, during late stages, 
potential adopters do not deem critical mass as that important anymore (e.g., Venkatesh and Brown 2001). The diffusion 
theory also suggests that, once a critical mass is reached, the diffusion process should become self-sustainable (Rogers and 
Kincaid 1981). Thus: 
H3a. For general computer applications, the impact of a critical mass is stronger in early stage of the diffusion 
process. 
Specialized applications are different from general applications in that they are more subject-specific and not widely 
used. They, therefore, take more time to learn and experience. The learning and experience process delays the adoption 
decision, so that, compared to general applications, the critical mass takes stronger effect in late stage. In other words: 
H3b.  For specialized computer applications, the impact of a critical mass is stronger in late stage of the diffusion 
process. 
Diffusion channels and diffusion stages 
As hypothesized earlier, computer use at workplaces and at schools are important channels for the adoption of home 
computer applications. The stage-wise analysis allows us to examine the differential impact of these channels over time. In 
the early stage of their diffusion, most of the applications are expensive and less well known, therefore diffusion from these 
channels are very limited (Rogers 1995). In contrast, as prices of the application software go down and products become 
more stable, they become more affordable, more standardized, and widely accepted. As a result, the diffusion from both 
workplaces and schools will be more powerful in late stage. This is true for both general and specialized computer 
applications. Thus, we hypothesize: 
H4. The impact of diffusion channels on the adoption of home computer applications is stronger in late stage of the 
diffusion process. 
DATA AND METHODOLOGY 
Data 
The data used in this study are obtained from the Current Population Surveys (CPS) administered by the U.S. Census Bureau 
and the Bureau of Labor Statistics. CPS includes basic monthly surveys and supplementary surveys. The supplementary 
surveys are designed to meet a variety of additional requirements and are conducted as needed. In October 1989, October 
1993, October 1997, September 2001, and October 2003, five supplementary surveys related to computer and Internet usage 
 4 
were conducted. They had questions on household computer ownership and the access to Internet at home. The usages of five 
home computer applications are also documented across the years: word processing, spreadsheet, database, graphic design, 
and household finance. From these surveys, we identified 45,272 households who already own computers at home in the 
survey years as the sample used in our research. This would allow us to focus on the second-order digital divide covering a 
time span of 14 years. 
Variables and method 
According to the U.S. Census Bureau, word processing, spreadsheet, and database applications are adopted more widely. 
Hence, we classify these applications as general applications. On the other hand, graphic design and household finance 
applications have an overall lower adoption rate; these are classified as specialized applications. 
The dependent variables for this study are the adoption of household computer applications, which are binary variables. 
The variable general applications (specialized applications) ownership at home,   1iY  ( 2iY ), is coded as one if household uses 
general applications (specialized applications) at home at the time the survey was conducted. Percentage of computer 
ownership at home ( Pi  )for a Metropolitan Statistical Area (MSA) is used to measure the level of critical mass, and it is 
calculated by dividing the number of households in a MSA that own computer(s) by the total number of households in that 
MSA. The two diffusion channel variablescomputer use at work ( Wi ), and computer use at schools ( Si ) are all directly 
obtained from the CPS.  
To trace the various diffusion stages, using the five-year CPS dataset, we first plot the diffusion curves of household 
computers, general computer applications, and specialized computer applications. We find that, for all of the three, the 
adoption rates first increase and then start to stabilize after year 1997, and they all surpass 50% after year 1997, suggesting 
that year 1997 might be a cutoff point between early and late stages. Second, assuming computer adoption curve follows a 
normal distribution as in prior literature (e.g., Mahajan et al. 1990, Rogers 1995, Stafford 2003), we calculate and plot the 
cumulative distribution curve of household computer adopters using the five-year accumulated adoption data. The result 
shows that year 1997 is the reflection point. Thus we define years before 1997 as early stage of the diffusion process, and 
years after 1997 as late stage. Accordingly, we create a dummy variable Li for late stage of diffusion process, and 1Li = for 
year 1997, 2001 and 2003, and 0Li =  otherwise. 
Finally, we identify other control variables, including household average income, education, number of household 
members, race, and whether the household has any school-going kids. There variables are readily available from the CPS. 
Household income across all years is further deflated using consumer price index (CPI) to base year 1989. We use a probit 
model (Greene 2003) to test our hypotheses.  
RESULTS 
We first examine the descriptive statistics and the correlation matrix. Due to spatial constraint, we simply report that the 
correlations between the dependent variables (general and specialized computer applications) and the independent variables 
are very similar across both applications, and both critical mass and diffusion channels are positively correlated to the use of 
computer applications.  
The results for adoption of general computer applications are shown in Table 1. From column 1, we see that the 
coefficients on percentage of home computer ownership ( Pi ), computer use at work ( Wi ), and computer use at schools ( Si ) 
are all positive and highly significant. Therefore, H1, H2a, and H2b are supported. In the second column, the interaction 
between late stage ( Li ) and Pi  is  negative  and  highly significant, thus supporting H3a. On the other hand, the interaction 
with  Wi  is insignificant while the interaction with  Si  is positive and highly significant, thereby H4 is partially supported. 
The results for adoption of specialized computer applications are shown in Table 2. Similar to Table 1, in column 1, the 
coefficients on Pi  , Wi  , and  Si  are all positive and highly significant, supporting H1, H2a, and H2b. In the second column, 
the interaction between Li  with Pi  is positive and highly significant, thus H3b is supported. The interactions with  Wi  and Si  
are all positive and highly significant, thus providing support for H4. 
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Table 1   Adoption of General Computer Applications 
Notes: N = 45,272. ***p<0.01. Other independent variables include average household income, education, 
number of household members, race, school-going kids, etc. 
 
Table 2   Adoption of Specialized Computer Applications 
Notes: N = 45,272. ***p<0.01. Other independent variables include average household income, education, 
number of household members, race, school-going kids, etc. 
Percentage of home computer ownership ( iP ) 
0.734*** 
(0.054) 
1.528*** 
(0.140) 
Computer use at work ( iW ) 
0.385*** 
(0.014) 
0.400*** 
(0.025) 
Computer use at school ( iS ) 
0.374*** 
(0.016) 
0.249*** 
(0.031) 
Late stage ( iL )  
0.094*** 
(0.026) 
−0.366*** 
(0.059) 
Late stage × Percentage of home computer ownership 
( i iL P⋅ )  
−0.936*** 
(0.152) 
Late stage× Computer use at work ( L Wi i⋅ )  
0.022 
(0.029) 
Late stage × Computer use at school ( L Si i⋅ )  
0.166*** 
(0.036) 
Log Likelihood −23738.068 −23706.743 
Percentage of home computer ownership ( iP ) 
0.322*** 
(0.050) 
−0.842*** 
(0.134) 
Computer use at work ( iW ) 
0.357*** 
(0.013) 
0.289*** 
(0.025) 
Computer use at school ( iS ) 
0.093*** 
(0.015) 
0.018 
(0.030) 
Late stage ( iL ) 
0.514*** 
(0.024) 
0.027 
(0.056) 
Late stage × Percentage of home computer ownership 
( i iL P⋅ )  
1.357*** 
(0.144) 
Late stage × Computer use at work ( L Wi i⋅ )  
0.094*** 
(0.028) 
Late stage × Computer use at school ( i iL S⋅ )  
0.146*** 
(0.057) 
Log Likelihood −28806.127 −28745.959 
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In summary, H1, H2a, H2b are strongly supported for both general and specialized computer applications. H3a is also 
supported, confirming that for general computer applications, the impact of critical mass is stronger in early stage of the 
diffusion process. On the other hand, for specialized application, the impact of critical mass is stronger in late stage of the 
diffusion process, i.e., H3b is also strongly supported. The impacts of diffusion channels are stronger in late stage of the 
diffusion process for both general and specialized computer applications, except that workplace is not particularly stronger in 
later stage for general applications, thus H4 is generally supported. 
DISCUSSIONS 
Researchers have suggested that prior studies on digital divide are typically “hardware-oriented” in that they primarily focus 
on the access to computers and the Internet (Van Dijk and Hacker 2003), and consequently more studies need to be 
conducted on the second-order digital divide, i.e., the access to various computer applications (e.g., Van Dijk and Hacker 
2003, DiMaggio et al. 2004, Dewan and Riggins 2005). In this study, we answer this call by examining the adoption of home 
computer applications beyond the simple access to computers and the Internet. Our study contributes to literature on bridging 
the digital divide as well as research on technology adoption and diffusion in general. 
First, while it is generally agreed that social influences are important for technology adoption and diffusion, it is not very 
clear how these influences operate in inducing the adoption and diffusion (Goolsbee and Klenow 2002). In this study, we 
propose that the critical mass of current adopters facilitates communication between current and potential adopters thus 
facilitating the adoption and diffusion of computers applications. In addition, we identify that workplaces and schools are 
venues that can potentially channel knowledge, experience, and expertise conducive to the adoption and diffusion of home 
computer applications.  
Second, prior literature on digital divide tends to examine the technologies under study as a solitary package (e.g., Brown 
and Venkatesh 2005). We extend this literature by classifying computer applications into general and specialized computer 
applications. Such a classification is not only necessary but also important. Literature suggests that employee skills are 
typically classified into generic and specific skills (e.g., Becker 1964). Generic skills are valuable in a variety of settings, and 
they are transferable across firms, businesses, and industries; in contrast, specific skills only have value within specified 
areas. Prior literature also categorizes computer efficacy into general computer efficacy and specific computer efficacy 
(Marakas et al. 1998, Agarwal et al. 2000), and argue that prior general computer efficacy lays the foundation for learning 
specific computer efficacy in the future. As evidenced in our study, the different ways general and specialized computer 
applications interact with critical mass and diffusion channels entail such a classification and differentiation.  
Third, we also make contribution by examining the adoption of computer application during various diffusion stages. 
While prior literature shows that early adopters and late adopters differ in some significant aspects (e.g., Brown and 
Venkatesh 2003), it is not clear how the households’ adoption pattern evolves, thus we are not clear on whether efforts and 
mechanisms for bridging the digital divide should be adjusted over time. We investigate this issue by performing a stage-wise 
analysis to compare the effect of critical mass and diffusion channels during the early versus the late stage of the diffusion 
process.  
These findings provide important managerial and policy implications. First, our results suggest that diffusion channels 
are effective mechanisms that can help bridging the second-order digital divide. Technology adoption needs to overcome 
certain learning barriers, and through diffusion channels, households can potentially gain computer skills and IT-related 
knowledge so to lower their adoption barriers. Second, when implementing social programs or launching marketing 
campaigns to induce adoption of various computer applications, one needs to take into consideration of the types of computer 
applications and the diffusion stage to which they belong, since the effectiveness of critical mass and the channels hinges 
critically on these two factors. Third, our results show that household members’ access to computers and the Internet at 
schools potentially serves two important purposes: it not only helps them to learn the necessary IT skills but also helps to 
close the digital divide at home. Thus it is imperative for government to support or subsidize various programs and initiatives 
to improve the IT infrastructure in public school systems. Forth, the importance of critical mass and diffusion channels on 
technology adoption can also help businesses to design their marketing campaigns. The critical mass of current adopters 
provide the initial customer base to spread the IT applications through the word-of-mouth (e.g., Oliver et al. 1985, Rice et al. 
1990); the interactive nature of the IT applications will provide further momentum to the diffusion process (e.g., Shapiro and 
Varian 1999, Lou et al. 2000). 
CONCLUSION 
Inequalities in the adoption and use of computer applications represent a great challenge to both researchers and practitioners. 
We contribute to this important literature by focusing on the impact of social influences: the critical mass of current adopters 
and the diffusion channels of workplaces and schools.  
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Our study opens up several possible directions for future research. First, in this study, we assume that all households will 
react to critical mass and diffusion channels in the same way. However, households differ significantly in their resources such 
as income, education, etc. Thus examining how critical mass and diffusion channels interact with household resources in 
affecting the adoption of computer applications can deepen and extend the findings of this study. Second, we show that 
diffusion channels are import conduits for learning computer skills and knowledge. In this study we focus on workplaces and 
schools, but there are potentially other channels that worth investigation in the future research. Third, it has been suggested 
that the second-order digital divide is a multi-dimensional concept, which can also be studied from alternative perspectives 
such as usage frequency and skill levels of users (Hargittai 2002, Robinson et al. 2003). Future research may consider 
validate our results from these alternative perspectives.  
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